I examine the G 2 -approximation of Schwarzschild solution from the viewpoint of theory of sources. The method suggests the following definition of the privileged coordinate system: it is a system in which in each approximation the gauge degrees of freedom are put to zero, i.e. the metric is formed solely by sources. I calculate the metric in this system. In G 2 -approximation the exterior metric has the term which is of the form of a gauge function. Considering it as such I have the agreement with Schwarzschild metric. But I cannot consider it as a gauge function because it is generated by sources. It should be observable. It is proportional to the radius of matter ball and seems violate the Birckhoff theorem.
Introduction
From the viewpoint of theory of sources the metric is determined by sources. In this paper I assume that the sources are given by Einstein equation written in field theoretical form by Weinberg, see §6 in Ch.7 in [1] .
It is instructive to examine the G 2 -approximation of Schwarzschild solution in order to obtain an experience in tackling problems encountered in investigating a modified 3-graviton vertex, see for example [3 ] .
In general relativity the metric is obtained from Einstein's gravitational equation which is a differential one. In theory of sources the metric is defined (via an integral equation) by sources not only in the neighbourhood of the point under consideration but also at some distance from it. So in general one may expect deviations from general relativity and this seems really happened: the calculated metric of the external solution feels the presence of ball of matter. The following notation is used g ik = η ik + h (1) ik + h (2) ik + · · · , h The peculiarity of the problem is the appearance of two solutions in G 2 -approximation. In linear approximation the solution h ). The solutions h (2) ik obtained by perturbation theory I denote as h (2) ik (m ′ , r) although they may depend also on x α x β . The m ′ in the argument indicate only the origin of solution, not a functional dependence upon it. In the expression for this solution (i.e. in the r.h.s. of definition) it does not matter whether we write m or m ′ . The same result we get in the following way: inserting m = m
ik (m, r) plus terms proportional to G 2 . Joining these terms to h (2) ik (m ′ , r) just cancel the mass dressing terms there and we get by definition h (2) ik (m, r). Thus,
In Section 1 I find the interior metrics in harmonic and isotropic coordinate systems: first from exact solution in standard system, then from gravitation equation by perturbation theory and finally from theory of sources. In Section 2 I obtain the exterior solution in the privileged coordinate system. In Appendix I collect formulas used in calculating the metrics.
Interior solutions
Obtaining harmonic coordinate solution from exact solution in standard coordinates The interior metric in standard coordinates has the form, see Synge [4] , eq.(7.183)
a is the radius of ball of liquid. The transition from standard coordinate r to harmonic one, R, in exterior region is given by the relation r = R + mG. To find its counterpart for interior region, we rewrite this relation in the form
Now it is enough to consider φ(m, R) as Newtonian potential inside the ball:
Then using the relations
4) we obtain from (2.1)
For g 00 we obtain from (2.1)
Expressing in φ(m, a, r) the parameter a = b + mG and r (see the first equation in (2.2) and equation (2.3)) in terms of b and R we find
Then from (2.7) and (2.8) we get
In isotropic coordinates in the considered approximation the radius of the ball of matter remains the same b.
Here we make farewell to standard Schwarzschild coordinates and denote by x what was up to now X. So from now on we deal only with coordinates x: in isotropic coordinates g 00 is the same as in harmonic one because the sources, defined by the linear approximation, are the same. For the same reason h iso αβ may differs from h (2)harm αβ only by gauge. We can obtain h iso ik from Rosen paper [5] . In our approximation
It is easy to verify that
Perturbation approach to solving gravitational equation Now we turn our attention to Einstein equation written in field theoretical form by Weinberg, see §6, Ch. 7 in [1] .
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αβ is the matter energy-momentum tensor:
Here p and µ are pressure and (uniform) density in the ball of liquid. The gravitational energy-momentum tensor t ik has the form
16)
From (2.15) and (2.17) we have
and from (2.15) and (2.16) we get
From perturbation theory in first approximation we have
From perturbation theory in general relativity we know that in considered approximation
So, in general relativity we know h 
αβ (m ′ , r) = h 
Next we will consider how h
ik (m ′ , r) is defined by (2.12-13). Its structure in isotropic coordinates should be of the form
Ignoring a 0 and c 0 , which cannot be determined from differential equations, and inserting (2.22) in (2.12-13) we find from (2.12) up to a constant, see the second eq. in (2.10). Thus, both h (2) ik (m ′ , r) and h (2) ik (m, r) satisfy (2.12). Now using the relations
αγ,αγ =h
we rewrite (2.12) in the form
This is a differential form of Schwinger's eq.(17.6) (in our notation). We remind that
and we consider the static case. Dropping the gauge degrees of freedom in (2.12a) (i.e. using Hilbert gaugeh (2) αβ,α = 0) we write the integral form as followsh (2) 
So Schwinger's formula (17.6) in Ch.3 in [2] holds also in our nonlinear case without modification.
Theory of sources approach
The h 
00 (x) +t 00 (x)) =
We note thatT (1) 00 is calculated from the relation
Using (A5) and (A6) we easily get from (2.25)
αβ (m ′ , r) needs a correction:
Putting here r = b we obtain
Next we want to calculate barred quantity. We use Schwinger's eq.(17.6) putting his gauge vector ξ to zero. In our notation we havē
33)
The sources are defined in (2.18), (2.19). Using (A5) and (A6) we find from (2.32)
Similarly to (2.21) we havē
00 (m ′ , r) =h (1) 00 (m, r) +h (2) 00 (m, r).
00 (m, r) =
From (2.33) using (A12) and (A17) we obtain
From (2.37) and (2.34) we havē
It is easy to check that as it should be
We note that harmonic h (2)har αβ differs from privileged system h (2) αβ only by a gauge function:
As we have seen earlierh (2) αβ (m ′ , r) can be calculated by Schwinger formula without modification. The return to h (2) αβ (m ′ , r) can be made with the help of formula 
Exterior solution
The linear approximation is well known:
So we have only to obtain h The first term in the r.h.s. of (3.4) can be written in the form m ′ mG 2 6δ αβ rb
. Joining it to h (1) αβ (m ′ , r) = 2m ′ G/r we get h ), and h
αβ (m ′ , r) without first term in the r.h.s. of (3.4) is by definition h (2) αβ (m, r). Putting r = b in (3.4) we get the relation (2.31a). The term (proportional to b) having the gauge form plays an important role in forming the continuity at r = b.
Similarly we deal with h
00 (m ′ , r). Contribution from r ′ < b is 16πG r ′ <b<r
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